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with 0.03 to 10mm thickness having a structure in which 
rare earth enriched phases are finely dispersed into 25um 
by a single roll method or a double roll method, which 
is naturally collapsed by the expansion of the volume by 
hydrogen occluseen, Next, it is heated to 100 to 750° C, 
is subjected to dehydrogenation treatment and is 
pulverized in an inert gas atmosphere into fine powder 
of 1 to 10u.m. This fine powder is charged to a mold at 

1.4 to 3.0g/cm 3 density and is instantaneously applied 
with a pulse magnetic field of » 10KOe. After that, 
compacting, sintering and aging treatment are executed 
to develop a sintered permanent magnet excellent in both 
maximum energy product and coercive force. 

COPYRIGHT: (C)1995,JPO 



(54) PRODUCTION OF R-FE-B PERMANENT MAGNET 
MATERIAL 

(57) Abstract: 

PURPOSE: To develop a sintered alloy permanent magnet 
having high performance by using a raw material obtd. by 
collapsing the cost strip of an Fe base alloy contg. 
specified amounts of rare earth elements and B by 
hydrogen occlusion, subjecting it to dehydrogenation 
treatment and thereafter executing pulverizing in an 
inert gas. 

CONSTITUTION: An Fe base alloy contg., by atoms, 10 to 
30% of at least one kind among rare earth elements R 
including Y and 2 to 28% B is formed into a cost strip 
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1 

m$tmi] r (fiLRttY*-&tp#±a7c»<0'5 

"6, '>ft<tt)ia) 1 0 a t %-3 0 a t %. B2a 
t%-28at%, S&flF e <fi L F e CO 1 gf5£r C o , 
N i <7M8£fcte2«lCT»tfeT£5) RCPFpJjBM^ 

TWO. 0 3 mm- 1 0 mm©»fit R >J 7f 5 

*Hi^tCTfitftbfc«, 8«Sfii:2 0 0Torr 
-5 0 k g/mm 2 0H 2 ^^ISLTf# ^nfc^«-& 

TSfc¥J5fi8^ 1 - 1 0 Mm©«l&** ; t— ;UHrttc 
*»5Bfln. 4-3. Og/cmM^L UWBMK: 
1 0 k0eK±O^;i/X8*Sr^WTERl$ f£ 

B Bifida. 

1 0 0^-7 5 0X:\Zlmmi<TmH2mWTZ>Z.t$:$f 

[5fiW(0»»lfcttt8n 
[0 0 0 1 ] 

C<Z)5SWtt, R (il/RliY*$ 
tfflhhSTC*©?*. / >^<tfeli^W) , Fe, 

Fe, B*±dc»i:-rs^»»**n-;i/ffi*SV^i 

un*R^WF e^©Hi»Itt$fi)ffll/Ttl 
$SlcKHifflSUTft£{fc3-£ 

Sfftt© 1 OT?«5I*X*;^-«I (BH) max 
(MGOe) ;At^iHc (kOe) (D^ttfit ; 
B«D-&fHitA+B^5 9KJi<Dtf[*3K"rKttflER-F e 

- b * Mis^t^ m&Jjm \zm?z>. 

[0 0 0 2] 

[t£*cDi£«] ^B, Sfttte*^V«B5i:UT«^W^R 
-Fe-B^MI5 (4$HPS5 9 -4 6 0 0 8*1) 

&l =7c*iE*afk'&*o^ffl<tRU y^ffl&wrsffl 

©fiJG3c© R - F e -B^MlWS^^tltV^. U 
«ffi^B*tt»<, R- F e -BR^ae^i 0 — 

[0003] R-Fe-B %tt£«&03IBlB%;£& 
(Br) S:i«*S/ti6tC«. 1) 3B«ttffl"C*0* £ffl 



(2) W7 - 1 8 3 6 6 

2 

0 F e N Bffl0S4i^< ^ i , 2) 

fc»iSL m^EfftLTR-Fe-B^Ji 
«M^£fe»L«l;3£r£«2:. &&mz&mLTz a - F 
e"P. R-r i c hffl3&*BSBMfc:MffiUT^£ Z. tteE 

rasa** ofc. »srrs£:. «e^»&h! 
Rjft. ittH2jaabT««wai»»&*3c/j:5«'& (w 

^BS6 0-6 3 3 0 4^, 4$B8RB6 3 - 3 3 5 0 5 
KilflELfcR- r i c hffittHi»MIl:«l;oT, zk 

*<tft**flcix, a«e?a:»*i:^sfc«e>, ««w^at& 

20 

[0 0 0 4] fllTEl) 3S(Da5£<Z>fc£>R2 F ei4 

i c hffi^»<t**^TSfcfe«»$nT«ElS"C€^ 
*>ofcD. lERi F ei4Bffl<2#ftS£ifjtat::i:oT 
ifc&WK:. Nd-r ic hffl^B- r i c h 

X*PJE*r^^fRji(Ci;^T, mmWtL&& (Br) 
[0 0 0 5] 

SR-F e -B*^*|»*©^fc5«»ia<oa*{fc:, 
a-Fe£>5SS, <MW£KltT&£#(c, R-Fe-B 

strE»M-*a«<z)i»*»&ffiic!aE^T, 

(^f^Ba6 3- 3 1 7 6 4 3-^4&H) $ni^§. 
b^L, «TE*ffi-Ctt«e*©»ffltttjSbfc»»f&»'ffi 

50 KSMStttO^SO^feafilcTffr&^o 
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3 

fc. R-r i c hfflrt*Rftfc»LTK5£fcRHi 

\Zt&^X^t£^tz#>. £ bl~R - r i c hfB<DfMB-m 

aifit-jSVi«ftt€rgi^ai"r/5:«)©«ifi 
[0 0 0 6] Cl©55Ktt* ±i&L&R-F e -B**^ 

HSSfi©»*H{t(-i;01S^ i HcSSSU 

Blft(0«{fc«S*|Sl<Z)iEieiffi*iiiJe>T, (BH) max 
fi (MGOe) ; A<h, iHci (kOe) ; BCO^fj- 
fi, A + B^5 9<0ffi£STiftteffiR-Fe -B**X 

[0 0 0 7] 

Wi*»*t5fci«)©¥&] ^fR-F 

»*ftttt-r<rti, sae-&*©««wtt* ^tciHcco 

f(to*a»W^^*fcR-F e -B*-&^zK*»iK^-& 

£ <h Id £ 0 , (BH) maxitiHciC^SKI^ 

5 9BLfcGHi6£*U a^«M6«ffi<Z> i H c #ft±T £ 

T*4*ffittJG£cDR- F e -B*-&&l;iHi»j*3-&£ 

«iratc»ak$nfcRU y^ffl^7k*ft**^bT 

[0 0 0 8] ^fC, ^©RR'Jyfffi^fti^KS 
*l, b3&^"bR2Fei4Bffl^«JBBT*S^i:30<ail"r* 

te, ^JlftJ«^RiFei4BO{t^a«ftMttjat(-jfi^t 

f e«jacoaa^i8(tji<, *xsoat»H«ffi 

RU y^ffl<OiBWfciitffc«>. j^SaSc7D i H c fpj±^r 
BSut^Bitft^. 3Effi«aa©»ft«S«l 
^ft£}f&*-£, -T Kft&£iBa6£>e:£t>iaB r 

4«¥STBa^n5MBS»», fcchxtf, A-K 
7x7^fhI5, Sm-C offifcS&StflCR - F e -B 



(3) ^PUPl^F 7 - 1 8 3 6 6 

4 

[0 0 0 9] L^L&7^£, &^£f£££i*<5£:J6tc:il 

ta)yi/xgi (^EEyux, ta«:?vx) tcBHH^n 

Sdi:<Z>Plffi^AJUX«|f.S:ffl^S21 tH<fcoT, cfc 0 
— HiBB rftT€S21<i:*»JMbfe. 2 S AJl/Xl 

[0 0 10] d(Z>f8Wi, R (flLRHY^W±S 
7C*<0 3"&, 'PU< tfc 1 ffi) 10at%~30at 
20 B2at%~28at%, 38815 F e (fllFeOl 

g|$^Co, N i l«^fcH28ltCTBai"C€rS) Rtf 

W>ytetCT«JS0. 0 3mm-10mmOiSTRU 

0Torr-50k g/mm 2 COH2 ^§ft!6tT»5 

JO — JUFrtfc^BKffifi 1. 4-3. Og/cmM:^ 
U ^H^t- 1 0 kOe^_hcOA^xa^^r^HtTBBfp] 
£i±£g^ *Jc«U SHIS. ^?iffl31T^>^i:^#a<h-r 
§R-F e -B**^«5»»©8ift*ffiT*S. * 

#6ft&j»«^&»*£ 1 0 0^-7 5 ot:tcj!jn^UT 

KHiffla-rsct^riHfafrSR-F e -B^*^\a 

[0 0 11] Ct05eWK<fc£R-F e-B**^«ffiCD 
BH (max) ^5 0MGOeH±©8^ 
40 tt. iHcttl0kOeK±T*0, XBH (max) 
^4 SMGOeRJiCDa^i iHcttl 5 kOeJ^l 

[0012] :©5Ew©«saj*©Ru y^-ffl^aait 

KJS^O. 0 3mm-l Omm^iWt^O, f%M<D 
50 «JP^iHi»'&tt5Rn— ;uftSr, */t«J*^»^ 5 « 
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(4) 

5 

£ 0 . 0 3mm-l Omm(:E£l/:M(l 0. 0 3 

[0 0 13] COfg^CDX h'J y^***^ >^ft(C 70 
<fc 0 » 6 tlfc«f SJfirit© R - F e - B 3R-&&<0KffiiItt 
tt^fflORi F ei4BHSa^S£*©»a(C»ifibT»6 

nfc»a©t><o(3jt^T, mi/ 1 o£i±h$kMT*& 

rru *tt*|ft«5 Mm— 2 0 0 um<DWM1Sgi'V&0 * 

[0014] HiBftiKfiiatcitt, Br^fcirSfc: 

WtfKL&O. 0 3 mm— 1 Omm»*(0ttM-£IH»$r-- 
2 0 0Tor r-5Okg/cm z 0E^ 50 

-&^l»**»sc:t^T€rs. *o 
[oo i 5] ^(D5£wiz.&^T* ±E«ia*srt*^* 

^ m^^jEcfc ok «Mt£n-$>T<fc 

Lt^U 2 0 OTo r r *9»TfctfMfcte#*< & 
0, 5 0 k g/cm 2 *ax.StHi!R«R{C e tSt»ft©jfi[ 

^fc«>. Hi*XEWi2 0 0Tor r-5 0kg/c 50 



WIB¥7 - 1 8 3 6 6 

6 

m*£-r*. SffiteJ^Ste. 2kg/cm J -10kg/ 
cm^WSLK £<858W(;:;fe^T, Hi»jKK:J;-&f& 

[0 0 16] Hi»aJCctO«Mfcbfc-&&l»*«:»ai 
-7 5 OrtCflDf^U 0. 5«plffl£t±©2*ttH2*^ 

Kih~e^£<> _£<z>58Wfc:<fc«> i o ox:£i±tzi)nf&~tz>Ml 
i o ot:^±^K^4 , ^fc^T;i/^>^^.i?H^4 , Tfltt 

*3ttsaiJ»affitt. i o ot:*«7fttj8i«'&*t»rt«ra 
st, ff*b^Bi**ffl ! aa«tt2 o or- 6 o ott 

[0 0 17] *tC«»»«CH, n 
z, Ar) l:J;^yx7 h • ^ )V\zxW®n*fr o <> m 

a»»T©»*©¥fifiSli, 1 Mm- 1 0 u 

[0 0 18] ^^ffiV^yU7,tCH, O^<0*ffi*a 

HtrJE*-rs. ^-;UF^, *«tt©*JB, »{fctt3&>& 

JKSBft (SS^g 1 . 4g/cm 3 ) ^e>, ^^ytf>^ 
»flDHa6«Sa[ 0g/cm 3 ) ©*SH^ 
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S£oT*ttHBffittl. 4-3. Og/cm 3 
ci:^A 0 jl/xm^-^^K.Tt»^(DBHfp]^fi : ^o Eft OR* 

±Trt>7&m^Tmm&ff^fc&*>* boh, 

in < * l/imsec-10sec < , $ £ let* 

S^msec— 100 mm sec j&*flP£ U < , 
|jL(OBJ*nielSS[tt 1 — 1 00, ff£L<tel— 5 

cobs, pjantoss^-ji/H^ffiffl 

-So 

[0 0 1 9] £TFtC £<0fMliK:*3fr*£, • #n 

ssRiMyhuw (y) ££r&u «»±aatfi 

a*tcJ:OfflViSCli:^T€f» Sm, Y, La, Ce, 
Gd^teteOR, *&t;:Nd, P rmt(DU^mtVXm 

^^ttt^feOT^HL^^^o Rte, R-Fe- 

"f, 3 0I : f%^§«hiMfifi (Br) #ffiT 

$EH«Rtt 1 2 — 1 5 a t %T35£o 
[0 0 2 0] Bte, R-Fe-B**^85*»an 

8* (iHc) tii^nf, 2 8%M^gK.§<!:SS 

bsesk (Br) 5&<fiT-r5fc«e>. tcn^Miw 

t4*fcff^U^(fiHtt4 — 8 a t %T&3 0 
[0021] Fe«42 BtT**SiTttaiH8iK8£ 
(Br) AifiTU 8 8IK^£jB*5£iS^«8;fc#» 

5*lfc^£«>. Feli7 7-8 4 a tX^ff^K. $ 

SKSF* b< teF e 7 7HH^%— 8 4|g^%T'^^o £ 
fc, Fe<D— 95£:Co, N i CO 1 IX«2itIit§ 

tt*lftI±$-ti''5a»^en-5fc86T*S**, Co, N 



(5) 4$gS¥7 - 1 8 3 6 6 

S 

i ©HXtt2i«Fe©5 0 % «fc?S^««tfj 
CottFe©5 0%^:±^fr^>„ 

[0022] cKosswco^ftatcis^T, K^sia« 

^/t^lCte, R12I : f%-15If%, B4HH^%~ 
81^%, F e 7 7MT%~8 4 Jg^SSJ&WSbV*. * 
;:©5S9jf::<fc&*&&«»te. R, B, FeOftL X 
*M^Ji^WiiM^ie*0#ft*W«'Tr*5*^ BO 
70 -a?£4. Ojgf^T^C 3. 5M^%^TOP, 
2. SUHARTOS, 3. 5If%WCu0^^ 

£6(3, iftiSR, B, Fe64*5^ttCo&t 
tt^)R-F e -B^&tC, 9. 5If%RT©AK 
4. 5If%WTi, 9. SJg^SSKTOV* 8. 
5I : f%^T^Cr, 8. OJH^KTOMn, 5 HCf 
%^Bi, 12. 5KT96£TF<0Nb, 10. 5^ 
TO^Ta, 9. SJH^KT^Mo, 9. 5^ 
20 %£TFOW, 2. 5^%RTC0S b, 7£^%£TFO 
Ge, 3 5M^%^Tc0Sn, 5. 5 H^CTFO Z 
r, 5. SJSTP^ETFOH f ©5'6 / >^< £ US* 

tc&£ 0 ^(D«MOR-B-Fe**^ttl5fc*5ViT, 
[0 0 2 3] ^<0«MtC<tS^<oa»H f »*<Ofi[ffi 

sf^n, -rfcirs. Rpssfflaxe 

Ac 56, 1-8 0/imcDTOiItno $b(:> TCti 
[0 0 2 4] 

mm) ^©aswtt* xhU7^t7r^>^nfc 

«fffi*ffO«f3£ttJ«€:W"rSR-F e -B&-&&KH* 

#&3tt, 3&ORiFei4BffifeIift$n, flttH2j[l31 
LTSc^ft$ii:/t'&*f»*^«t»»'b/i:»'&. a»«=^ 

yu^JBSJ^, ^T^C^tc^O, Br, BH (m 
50 ax) SC^i Hc€r^L<ekSlSj±L&R-Fe -B* 
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[0 0 2 5] 

immm] 

»HJR»«IJPfcT»j!fLTSe»nfcNd 1 3. 4-B 
6. 0-Fe80. 6|l^MI^Sg2 0 0mm 

SJPJW 1 mm<7)S»Stt»M-S:»fc. ISIS 

mfrfo <03Bftaa«Jstt*iPi©^ffi o . 5 W m- 1 s m 

iru fiiSfiltffitt 5 Mm- 8 0 ^mTft 0 , R'Jyf 
ffitt^ffi*® 0 SO J: 5 tc 3 m mgStc^Jfffltc^UT 
fipffiT*. OmmftHTi:*K», IffflH* 

ifrlOOO gSr»Sf«pT«J5:*iB*8grttc:iK*b, I* 

tz'&. K^Srt(C3 k g/ / cm 2 COH2^X^2^«i^ 
*T 5 0 01Cfc5 KflB««fUTBiH2«LaUfc», 1^ 

£tj$3JU 3<bfci o o^y^3.*"Trai»»ufc. * 

^X\ «SrlBaf»»€:««lbfc8 0 0 g^^xy 

JgU A;i/^a#6 0 kOe^RWWlcttJmLT. BB[p] 
g£7kjBEyi/X3£®lCT2. 5T/cm 2 CDJBE 

* 1 0 9 01CT?3^m^fr^T8a8L/, 6 0 0^1 

mm&mzh&w&ff-DT. ^m^ntz. n^ntz^ 

[0 0 2 6] Hffi#J 2 
f 1, 2<D^HWtc»8#«3-f ;i/3, 4£R«U ^ 

^t^^yi/Xgl^M^T, *-f, ^30kOe 
cO/^^^TBEfo]$ii:fc^. tt 1 2 k O e ©S8#*"C 

[0027] mmm 3 

H1EW1 tHflSfCNd 1 3. 0-Dy0. 5-B6. 5 
-Col. 0 - F e 7 h >J y ^* tXf >f > 

uM5 0mmMTC«W 
ft, 1 0 0 0 g£lHSS#Jl <h^«tCH 2 ©jgtc£9 S£* 

*atMM6. yi7^;«lt, ^»fl[3. 5 m 



(6) ftg3¥7 - 1 8 3 6 6 

JO 

[0 0 2 8] Jt«W 1 

12kOe«Wl/X«L, ^<£>SL Hffi^Jl 

[0 0 2 9] it«« 2 
70 K»«»»jtp{CT*«bT»einfcNd 1 3. 4-B 
6, 0-Fe80. 6lflflt<Z)'&^»»*«8U»SfC»ifi 

!pJ3 0-1 5 0/im, 1 0 0 -tmmi:t)/j: 

0, R-U y^fHsWBSSM 1 5 0 ttmU&V>j:£2Xm 

mxHtmmmm. fKH 2 ^iiT, at»**»/t. 

20 &S^3. 7 Mm0^Tjien/:f»*Ml 2 kOe 
[0 0 3 0] tt«« 3 

H2i!Ht$e:ta<, iiMEatMM&i o o o g£x^ 

>y^;UfcTl«rPflt»»bTl 0 0^y^3.©at»*t» 
fcfebfcfft, yi7h5JWl, 3. 8m 

50 m©-&&»3fc£»&. 8frfla-&*t»**JKl 12kOeS# 

[0 0 3 1] Jt«!« 4 
Ndl3. 0-Dy0. 5-B6. 5-Col. 0-F 

rz* n^ntc^mz^ Fesjsaiaajb-c^fcfc 

8£>, 1 0 5 OtX 6 H r (DffrMW&ff -ofz. 

*ai»»«. nam £H»KHt»*ffl«u sc?s* 

40 8)#UT, ¥^S&#]3. 7 MmO)t»*&»fc, £<B> 

«ii@-*frT, • mmmzfr^tzo 

[0 0 3 2] 
[SI] 
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(7) *SB8¥7 - 1 8 3 6 6 



11 12 





Br 


He 


(BH)mar 


iHc 




(kG) 


(kOe) 


(MGOe) 


(kOe) 




14.7 


11.0 


52.6 


11.0 




14.6 


10.9 


51.9 


10.9 




13.6 


12.9 


45.2 


16.0 


JfctHWl 


14.3 


9.5 


48.0 


9.9 


Jfc6fc#02 


14.2 


8,3 


47,5 


8.6 


itttWa 


14,0 


8.5 


45.5 


9.0 


Jt««4 


13.0 


12.5 


40.5 


13.5 



[0 0 3 3] 

tt5R-Fe-B*64»»^ h U 7^tXr^ 20 

tt. «^«*X*;l/^-»« (BH) max (MGO 

e) ;Atgl^iHc (kO e) <D#f&m ; B 30 



«A + Brt*5 9£Ui<0{fi£^TflSte^R-F e-B** 
[Hffi<0«*fctftW] 

[02] /^;^«#©BFra^«*?iSi:<Z)||«*S"ry 

[fiffORW] 

1, 2 

3, 4 #«f«S=K^ 

5 ^-rx 

6 WXMa-fJl/ 
7 



[HI] 



[H2] 





l/i 8 ee— 10 sec 
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